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C. PHILLIP MILLER
Agglutination by monovalent serum is the method customarily
employed to establish the type diagnosis of meningococcus. The
test is simple and, in certain of its modifications, quite rapid. It is
even applied by some bacteriologists directly to any gram-negative
diplococci encountered in primary culture of the upper respiratory
tract before their species has been determined by sugar fermentation
tests. Re-examination of all phases of the method seemed, there-
fore, to be warranted. This was done in a series of experiments
recently carried out, the results of which are described below,
together with some data bearing on the subject of agglutinin-pro-
duction gathered from a long series of experiments that-have been
in progress for a number of years. As the experimental data are
too extensive to be detailed in a communication of this length, they
will be presented in summary form although they have not been
published heretofore.
Preparation of immune sera
The rabbit is the most convenient source of agglutinating serum
in all ordinary laboratories. It furnished most of the sera for these
experiments and was used in all of the experimental immunizations
designed to improve their routine production. Our rabbits came
from a snuffles-free colony and were mostly young adult males
weighing between 2 and 3 kilos. They were injected intravenously
into one of the marginal earveins. The intervals between injections
were usually 2 or 3 days, but varied from 1 to 7 days because it
was not always convenient to adhere to a routine schedule, and also
because an injection was sometimes skipped if an animal did not look
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healthy or was losing weight. An animal which was not able to
maintain weight, either because of intercurrent disease or because it
was receiving excessive doses of antigen, was not apt to produce
serum of high titer.
The duration of immunization depended on the purpose for
which the serum was intended. Most of the sera were to be used
for typing and were therefore serviceable with titers anywhere above
40. Titers of from 40 to 320 usually required 2 to 4 months of
immunization.
A number of chickens were immunized according to the method
described byPhair." They were not found to possess any advantage
over rabbits as a source of agglutinating sera for type I and type II
alpha, but they proved to be rather better producers of type II
antibody than were rabbits and they were very definitely superior to
rabbits in the production ofagglutinins for carrier strains not belong-
ing to' one of the fixed types. Chickens tolerate much larger doses
of antigen than do rabbits and can therefore be more quickly pushed
to fairly high titers.
Among the types of meningococci there is considerable difference
in their ability to engender agglutinins in rabbits. Types I and II
alpha are good antigens; that is, they readily produce sera of moder-
ately high titer. All strains belonging totype II, on the other hand,
seem to be poor antigens and to require prolonged immunization.
Even lengthy and repeated courses of injections often fail to result
in potent sera. In fact, it was in the hope of finding some means of
enhancing the antigenic potency of type II organisms and thereby
improving the yield of type II antibody engendered by them, that
the author undertook a rather extensive investigation some years ago.
The objective was, of course, to improve the efficacy of the thera-
peutic sera on which one was dependent at that time for the treat-
ment of epidemic meningitis, since the sera were known to be
deficient in type II antibody for the reason just mentioned. A large
number of sera were prepared by immunizing rabbits with menin-
gococci which had been sulbjected to a variety of chemical treatments
designed either to reduce their toxicity so that adequate immunizing
doses might be borne by the rabbit or to protect their antigenic com-
plex against possible destruction (by the rabbit) before antibody
response could be stimulated.
In all of these experiments the sera were tested for their aggluti-
nating as well as mouse-protective activity.
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Detoxification of immunizing antigen. Under the general head-
ing of "detoxification" may be grouped the following treatments to
which meningococci were subjected:9 oxidation, reduction, acetyla-
tion, addition of formaldehyde, acetaldehyde, HC1, and NaOH.
None of these accomplished the purpose we had in mind, because
whatever detoxification occurred (the best resulting from exposure
to weak alkali in the cold) was accompanied by loss of type spe-
cificity. Some slight detoxification which was not permanent was
accomplished by acetylation with ketene,' a method too complicated
for routine use in our laboratory. The only procedure which was
successful was extraction by urea,6 in concentrations of 33 and 50
per cent and by molar solutions of sodium salicylate.
It was found that 33 and 50 per cent solutions of urea at room
temperature extracted a large portion of the toxic content of men-
ingococcus cells without destroying their ability to engender type-
specific antibodies. The same occurred with sodium salicylate in
molar concentration.
Other chemical treatments of imnmunizing antigen. Other
chemicals used in the treatment of meningococci in the hope of
improving their antigenic potency included alcohol, copper, acetate,
copper sulfate, mercuric chloride, phenyl mercuric nitrate, and tannic
acid.
The series for each chemical comprised six rabbits, except in the
case of alcohol which was tried in varying concentrations from 10
to 95 per cent, in six series of 12 to 15 rabbits each. Some of the
results with alcohol seemed to indicate that concentrations between
50 and 70 per cent rendered meningococci better antigens. It was
for this reason that these experiments were repeated again and again
with larger numbers of animals, but the accumulated data failed to
support our original impression. Of the other substances used,
phenyl mercuric nitrate in concentration of 0.01 per cent was the one
which failed to reduce and may possibly have improved the anti-
genicity of the microorganisms.
Storage of immunizing antigen. The effect of aging on the
potency of the immunizing antigen was tested by keeping bacterial
suspensions at ice-box, room, and incubator temperatures for various
lengths of time before injecting them into rabbits. The results of
a number of experiments indicated that the antigen deteriorated
perceptibly at room or incubator temperature in one day, but in the
ice-box very little or none at all on the first day and not much until
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the third. Some experiments suggested that type II meningococci
in aqueous suspensions were slightly improved as antigens after one
day at ice-box temperature.
Effect of various physical and chemical manipulations
on theagglutinability of meningococci
From time to time various procedures have been recommended
to improve the agglutination of meningococci or to preserve their
agglutinability against deterioration on standing, the latter presum-
ably for the benefit of those workers who make a practice of pre-
paring suspensions in bulk and keeping them in stock for routine use
or as standards for a series of experiments extending over a con-
siderable period of time. Lingelsheim5 reported, for instance, that
heating the suspensions to 500 and 700 improved their agglutina-
bility. Murray"0 found that phenol exerted no detrimental effect.
He also made the suggestion based on Flexner's studies2 and later
put into practice by others, that KCN be used to preserve the organ-
isms against autolytic change. We have investigated these and
several other procedures, but have found no chemical or mechanical
treatment which improved the agglutinability of meningococcus
either as to speed of reaction or specificity.
Effect of heat. Miller, Becker, Schad, and Robbins8 have
reported elsewhere that they were unable to find any temperature
to which meningococci could be heated to improve their subsequent
agglutinability by immune serum. Exposure for one hour at 500
and 650 did little or no harm, but temperatures of 800 or more
reduced their sensitivity, and a prolongation of heating rendered the
organisms agglutinable by an increasing number of heterologous
immune sera.
If the reduction in agglutinability had not proceeded too far, it
could be restored in part by washing the microorganisms, thereby
removing from the suspensions dissolved antigen which inhibited
agglutination by combining with antibody.
Effect of washing. In view of these results, it was thought that
even fresh suspensions of freshly grown organisms might be
improved by removing any products olf disintegration or of metabol-
ism which might tend to interfere with agglutination. A series of
experiments was therefore made in which fresh suspensions were
washed repeatedly by centrifugation and resuspension in saline.
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Portions of each suspension were set aside, brought to the same
density by dilution, and used as antigen in agglutination tests with
the same homologous serum. In some instances, the first washing
made some slight improvement in the agglutinability of the organ-
isms. The change was never great and rarely increased the end-
point by as much as one tube (dilutions by halves). Additional
washings after the first, invariably caused diminution in the agglu-
tinability of the organisms.
Effect of storage at different temperatures. Suspensions of
meningococci were divided and kept at ice-box, room, and incubator
temperatures and tested for agglutinability at 6, 18-22, 30-36 hours,
etc. In all instances, the best agglutinations occurred with the
freshly made suspensions, that is, with those used immediately after
preparation. Those kept in the ice-box were agglutinable for some
days, but never as well as they were at the beginning. Deteriora-
tion was more rapid at room temperature and still more rapid in
the incubator.
Effect of chemical treatment. The following were used to kill
or to preserve meningococci intended for antigens in agglutination
reactions: phenyl mercuric nitrate, mercuric chloride, sodium cyanide,
formaldehyde, and phenol. None of these improved the agglutin-
ability of the organisms. The one which seemed to interfere the
least with the delicacy and specificity of the reaction was phenyl
mercuric nitrate; 0.01 per cent. Stronger concentrations caused
meningococci to show some spontaneous agglutination after storage
for 5 days in the ice-box, but 0.01 per cent kept them very well with
minimal reduction in sensitivity for one week. Phenol in concen-
trations of 0.5 per cent caused apprecia-ble reduction in agglutina-
bility. We were unable to improve the phenolized suspensions by
heating, as some authors have reported. Cyanide which has been
recommended as a satisfactory germicide and preservative was tried
out in concentrations of 0.025, 0.05, and 0.01 per cent. It did kill
the meningococci rather quickly and for a few hours failed to inter-
fere with their agglutination in homologous immune sera. But
after 24 hours in the ice-box, they began to be less sensitive than the
control suspensions in saline kept at the same temperature. They
also developed a tendency to spontaneous agglutination earlier than
did the saline suspensions.
Influence of culture media. The following experiments were
performed to determine whether any of the ingredients of the cul-
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ture media on which they were grown affected the agglutinability of
the meningococci.
Four kinds of media were used, with and without the addition
of rabbit blood: ordinary meat infusion agar, a special meat infusion-
digest agar, casein digest agar, with and without the addition of
cystine. Comparison of the agglutination reactions made with men-
ingococci grown on each of these media showed a correlation between
agglutinability and abundance of growth. That is to say, the best
suspension came from the media which promoted the most rapid
multiplication of bacterial cells.
In this experiment stock strains were employed, one of each
type, because they were able to grow on the least favorable medium.
Meningococci grown for various lengths of time were used in com-
parable agglutination tests, to determine the effect of aging of the
cultures on their suitability as antigens. The best agglutinations
occurred in suspensions made from S-hour cultures grown on meat
digest agar* enriched with blood, the medium giving the most luxuri-
ant growth. Older cultures on this medium gave progressively
poorer results.
On the less satisfactory media optimum agglutination occurred
at a time when an abundance of growth had just appeared. This
varied from 12 hours in the case of casein digest-cystine agar to
18 hours in the case of ordinary infusion agar. These results indi-
cate that it is at the time of their maximum reproductive vigor that
the cultures of meningococci are most susceptible to agglutination.
Methods of performing the test
The routine technic for macroscopic agglutination in most labor-
atories is doubtless the mixture of serum and antigen in volumes
of I ml. contained in Wassermann tubes. There is disagreement
*This medium is made by infusing ground beef overnight in the ice-box,
straining off the meat, and digesting it with trypsin at 450 for 5Y2 or 6 hours
and adding this digest to the infusion which has been kept cold meanwhile. It
is then boiled and filtered. This material can be kept in the ice-box for some
time. The solid medium is made by neutralizing the infusion-digest and adding
an equal quantity of water, I per cent dextrose, 1 per cent corn starch, 0.65
per cent of Na2HPO4.12 H20, 0.05 per cent KCI, and 1.8 per cent agar.
When the medium is to be used for the primary isolation of meningococci,
fresh defibrinated rabbit or sheep blood is usually added, but is unnecessary for the
cultivation of stock strains.
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on the temperatures at which the mixtures should be held, some
laboratories preferring 370 and some 55°. We carried out a con-
siderable series of comparative tests which indicated that 370 was a
more satisfactory temperature than any higher one and that the time
of heating ought not exceed two hours and ought to be followed by
a period in which dumping and settling could occur without bacterial
contamination (most easily accomplished by keeping the tubes in the
ice-box overnight).
Although prozones are not often encountered, they do occur and
for this reason it is well to set up several dilutions for each serum.
The range for each serum can only be determined by trial.
A rapid method can be used when speed or lack of heating and
cooling facilities make it advisable. The test is set up by adding
antigen suspensions, which should be heavier than usual, in 0.1 ml.
volume to 0.1 ml. of serum dilution in Wassermann tubes and mix-
ing by gentle shaking of the tubes for three minutes either by hand
or in a mechanical shaker. Then 0.8 ml. saline is added to each
tub'e and the readings are made at once. The bacterial suspensions
after final dilution should be lighter than those for the overnight
method.
Mention should be made of the method of agglutination by
centrifugation, a technic originally suggested by Gaehtgens3 and first
described in this country by Gates.4 The tests are set up in the
usual manner in 1.0 ml. quantities in Wassermann tubes and heated
for an hour or two at 370 and centrifuged. The speed and duration
of centrifugation, which should be as nearly as possible the same for
all the tubes in a series, shouldbe just enough to sediment the micro-
organisms completely, leaving a clear supernatant. Eighteen hun-
dred revolutions per minute for ten minutes have been found satis-
factory. Readings are made as the tubes are shaken in a beam of
bright light, applying as nearly as possible the same agitation to
all tubes. Agglutination of the meningococci in the packed sedi-
ment is indicated by the size of the particles into which it breaks up.
We have found this method useful in the detection of agglutinins
in sera of low titer, for example, those of meningococcus carriers.7
Discussion
The experiments reported above indicate that agglutinating sera
for two types of meningococci-types I and II alpha-can easily be
produced in rabbits by intravenous immunization. Strains belong-
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ing to type II, or group II, as some workers prefer to designate it,
because it is not so homogeneous as the other two, differ in being
much less potent as antigenic agents in rabbits or horses. A pro-
tracted series of investigations failed to reveal any simple means of
enhancing the antigenic power of group II strains. Treatment with
aqueous solutions of urea or sodium salicylate was found to extract
endotoxin and thereby reduce their toxicity without destroying their
type-specificity so that much larger immunizing doses could be borne
by rabbits, but this is a rather laborious procedure.
Immunization of chickens is an easier method of obtaining
group II sera. Chickens, readily obtainable from any poultry mar-
ket, present no special problem to keep and feed and after a little
practice injection and bleeding are easy.
The most satisfactory antigens, both for immunization and for
agglutination, were furnished by young cultures in the phase of most
vigorous multiplication. A five-hour growth on the medium
described gave the best results. Aqueous or saline suspensions pre-
pared from such cultures did not deteriorate appreciably in 24 hours
at refrigerator temperature. In fact, a number of experiments sug-
gested that the immunizing potency of type II organisms was some-
what improved by that period of aging at that temperature. No
explanation for this finding can be given.
A good deal of individual variation was encountered in the
rabbit's ability to engender agglutinating antibodies in high titer.
This fact accounted for the promising results which occasionally
followed some particular treatment of the antigen and suggested
that a means had been discovered to improve the antigenic potency
of meningococci. It was necessary to enlarge each series of rabbits
to six or more individuals in order to avoid erroneous conclusions.
In the case of treatments with different concentrations of alcohol,
even larger numbers were required to prove that certain concentra-
tions (between 50 and 70 per cent) did not in fact render menin-
gococci superior antigenically to young freshly grown cultures.
There are circumstances in which it is desirable to kill and fix
suspensions of meningococci. For this purpose phenyl mercuric
nitrate in a concentration of 0.01 per cent was found to be the most
satisfactory of the chemicals tried.
The duration of immunization depends upon the rate at which
the animals are able to engender antibodies to the titers which are
desired. This in turn depends upon the purpose for which the sera
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are intended. Sera to be used for typing by agglutination should be
potent enough to agglutinate, in reasonable dilution, all strains
belonging to the same type, but not strong enough to cause aggluti-
nation of other types in the lower dilutions. A certain amount of
cross agglutination seems to be inevitable whenever titers are pushed
to a high level. It can be corrected by agglutinin absorption, but
that is a laborious procedure which should be avoided except for
experimental purposes.
Summary
The best meningococcus antigens for the production of immune
sera or for the agglutination test are provided by cultures in the
phase of their most vigorous multiplication, which should be reached
in about 5 hours on a satisfactory medium. Aqueous or saline sus-
pensions keep overnight at refrigerator temperature without per-
ceptible deterioration. Of the chemicals tried, phenyl mercuric
nitrate, 0.01 per cent, was found to be least harmful to the menin-
gococcus antigens and can be used when it is necessary to kill or
preserve them.
Type I and type II alpha are much more potent antigens for the
production of agglutinating sera in rabbits than are type II menin-
gococci. Agglutinins to type II meningococci and to other strains
not belonging to one of the fixed types are more readily produced
by chickens than by rabbits.
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